N ormal embryonic and fetal growth proceeds at a predictable rate throughout pregnancy. The predictability of normal intrauterine growth across similar populations at comparable altitudes has permitted the development of standardized reference curves that can be used to compare certain physical characteristics of the newborn according to estimated gestational age. These curves are then used to determine whether the newborn is small for gestational age (SGA), appropriate for gestational age (AGA), or large for gestational age.
Reduced ambient oxygen at high altitude slows gestational growth, so standards are different from those at sea level. In 1966, Lubchenco et al 1 published intrauterine growth curves of white infants, predominantly from the middle and upper socioeconomic classes, who were born in Denver at 5000 feet above sea level. Data included birth weight, head circumference, and crown-heel length of newborns from 26 to 42 weeks' gestational age, as estimated by the day of onset of the last menstrual period (LMP). From this information, fetal growth curves were drawn for the 10th, 25th, 50th, 75th, and 90th percentiles.
In 1969, Usher and McLean 2 published intrauterine growth curves for a sample of white infants who were from widely varying socioeconomic backgrounds and born in Montreal at an altitude of 100 feet above sea level. Birth weight, birth crown-heel length, head circumference, and 5 additional variables of newborns from 25 to 44 weeks' gestational age were collected. From the data, these researchers drew fetal growth curves that presented mean values Ϯ 2 standard deviations (SD), which correspond approximately to the 97th and the 3rd percentiles for birth weight, length, and other measures against gestational age. Because of the difference in birth size for those born at higher altitudes, the Usher and McLean data are applicable to a greater portion of the population in North America than are the Lubchenco data.
Careful measurement of birth length and weight is necessary for establishing whether a newborn is SGA, AGA, or large for gestational age, but accurate gestational dating is the main prerequisite. 3 The most precise dating method is serial ultrasonographic measurements, including estimates of fetal weight, head circumference, and abdominal circumference, beginning at 8 to 13 weeks' gestation. LMP, fundal height measurements, and detection of the fetal heartbeat are less accurate ways to assess gestational age.
Accurate diagnosis of SGA is particularly important not only because SGA newborns are at increased risk for perinatal morbidity and mortality 4 -9 but also because these infants are at increased risk for longterm sequelae. The potential long-term adverse outcomes of SGA birth include persistent short stature and the psychosocial disadvantages associated with short stature in general 10 -21 and specifically with short stature in children who are born SGA and fail to catch up. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] These psychosocial disadvantages, which include peer-group alienation, low self-esteem, impaired social dynamics, behavioral problems, and lower educational achievement and professional success, together with failure to achieve catch-up growth provide a rationale for treating short children who are born SGA with growth hormone (GH). Two publications suggest that GH therapy may ameliorate these psychosocial effects. 32, 33 Other potential consequences of SGA birth include adverse neurodevelopmental outcomes 23,24,26,34 -36 ; increased insulin resistance 37 ; dyslipidemia 38 ; and a metabolic syndrome (syndrome X) that consists of type 2 diabetes, hypertension, and obesity. 39 No data are available to indicate whether GH treatment affects these consequences. This article reviews SGA birth and addresses the rationale for GH therapy in children who are born SGA.
SGA Definition
SGA has been defined in various publications in different ways, including birth weight or length below the 10th percentile, 5th percentile, or 3rd percentile for gestational age, making it difficult to standardize incidence and prevalence data. For example, the Third National Health and Nutrition Examination Survey, which defined SGA as birth weight below the 10th percentile for gestational age, found the prevalence of SGA in a sample population of infants and children between 2 and 47 months to be 8.6%. 40 Lower prevalence data would have been reported if SGA had been defined more strictly.
A recommended definition is that used by Usher and McLean 2 : birth length and/or weight below an SD score (SDS) of Ϫ2 (ie, less than third percentile). Using this definition, Albertsson-Wikland and Karlberg 41 reported that 3.1% of infants who were born at term in Sweden between 1973 and 1975 were of low birth weight, 3.5% were of low birth length, and 1.5% were of both low birth weight and low birth length.
SGA is a statistically descriptive term that correlates birth length and/or weight with gestational age and is, therefore, a postpartum diagnosis. It does not refer to fetal growth, although it may be a consequence of diminished fetal growth. In contrast to SGA, the terms intrauterine growth restriction and or intrauterine growth retardation (IUGR), which are often used interchangeably with SGA, suggest that intrauterine growth has been documented to be insufficient. To document adequately impaired fetal growth and a diminished growth velocity in utero, at least 2 intrauterine size assessments must be performed. 42 Thus, IUGR should be considered a prenatal diagnosis, currently based primarily on serial measurements of fetal ultrasound parameters. 43 Selection of the most useful single biometric parameter depends on the timing and purpose of measurement; crown-rump length is the best parameter for early dating of pregnancy, whereas biparietal diameter maintains the closest correlation with gestational age in the second trimester. When ultrasound rather than LMP is used to determine gestational age, birth weight percentiles are lower early in gestation and greater late in gestation. Accordingly, as the institutional use of ultrasonography rather than LMP for gestational dating has increased, there has been a decrease in the mean gestational age by approximately 1 week, accompanied by a recorded increase in the preterm delivery rate. 44 Ideally, intrauterine growth curves that are based on ultrasonographic dating rather than LMP should be developed and used when gestational age is assessed by ultrasonography.
Epidemiology
There are no good data for the estimation of the prevalence of SGA. Data provided by the Centers for Disease Control and Prevention's National Center for Health Statistics indicate that there were 4 058 814 live births in the United States in 2000, 7.6% of which were low birth weight (Ͻ2500 g) and 1.42% were very low birth weight (VLBW; Ͻ1500 g). 45 The percentage with low birth weight is substantially higher for black infants: 13.1%. The National Center for Health Statistics, however, does not provide data on birth length or gestational age, making it impossible to determine what percentage of low-birth weight infants were premature, SGA, or AGA.
Furthermore, the intrauterine growth curves used to classify neonates as SGA or AGA were developed during the 1960s using ethnically homogeneous populations. 2, 46 Because the data on which these curves were based have been extrapolated to the general population, the curves are inherently less than accurate when applied across specific population groups and now may result in misleading gender-and racespecific diagnoses of SGA birth. 47 For example, Davies et al 48 reported in 1982 that Asian infants who were born in Leicester, United Kingdom, were lighter, shorter, and leaner and had smaller heads than their white counterparts. More recently, Rodrigues et al 49 found that the prevalence of SGA birth among infants who were born between 1989 and 1992 at a Portuguese hospital was significantly higher (P Ͻ .005) using local standards for gestational age (9.9% or 10.0%) than the prevalence obtained using standards developed in the 1960s (4.4%). Although the Centers for Disease Control and Prevention recently published revised pediatric growth curves for the United States that more accurately reflect the nation's cultural and racial diversity, 50 there has been no coordinated effort to revise similarly intrauterine growth curves.
Goldenberg et al 51 found substantial variation in the standards for diagnosis of SGA in the United States. Because there is no average population from which to derive the percentiles used to define SGA, the birth weights that serve as the cutoff point in various published studies may differ by up to 500 g at term and by more than that at 32 and 36 weeks' gestation. The need for intrauterine growth curves based on standard US reference populations is apparent. In 1995, Zhang and Bowes 52 attempted to develop such curves, describing patterns of birth weight for gestational age (based on LMP) by race, gender, and parity in the US population. These researchers reported that birth weight percentiles were elevated in preterm births and lowered in postterm births when LMP was used to estimate gestational age. However, ultrasound examination is likely to create the opposite effect, lowering birth weight percentiles early in gestation and increasing the percentiles late in gestation, as noted above.
Fetal Growth
First-trimester ultrasonographic studies indicate an increase in linear growth rate beginning between 9 and 10 weeks, which is consistent with a shift to growth from organogenesis. 53 By the end of 12 weeks, the crown-rump length doubles from its measurement at 9 weeks. 54 Between 17 and 20 weeks, the growth rate begins to slow, although the crownrump length still increases by 50 mm during this 3-week period. Analysis of fetal growth data shows that the decrease in growth rate occurs over a num-ber of days to become a constant positive value until term. 55 This plateauing of fetal growth may reflect the effects of the change in the fetal-placental weight ratio. 54 By term, 6.5 to 7 g of infant are supported by each gram of placenta, whereas at 26 weeks, the ratio is closer to 3:1.
Normal fetal growth can be reduced by maternal, fetal, or placental factors, acting either alone or together (Table 1) . 56 -59 Maternal factors include cigarette smoking, which more than any other factor has been strongly linked with fetal growth restriction. 56 Ahluwalia et al 60 found that the presence of multiple maternal lifestyle and psychosocial risk factors, such as smoking, alcohol use, and stress during pregnancy, was associated with an increased likelihood of delivering an SGA infant. The most significant individual risk factor was smoking, with a relative risk of 3.27. Another study reported that cigarette smoking during pregnancy was associated with a relative risk of 2.4 for delivering an SGA infant. 59 Although specific risk may vary among study populations, approximately 40% of all cases of IUGR seem to be a consequence of maternal cigarette smoking. 56 
Metabolic Characteristics and Pathophysiology of SGA

Hormonal Factors and Fetal Growth
GH is detectable in the fetal pituitary as early as 12 weeks' gestation, and fetal pituitary GH concentrations increase until 25 to 30 weeks' gestation, after which these levels remain constant until term. 61 GH can be identified in fetal serum by the end of the first trimester; GH is secreted episodically, with peak levels of approximately 150 g/L in midgestation, after which the levels decline. 62 However, the clinical significance of GH in fetal development in humans is uncertain because hypopituitary newborns have normal birth size. 63 Nevertheless, administration of GH and insulin-like growth factor-I (IGF-I) to the mother can affect placental function and thus indirectly influence fetal growth. 64, 65 Curran et al 66 found that fetal growth was not adversely affected in pregnant GH-deficient women who were not receiving GH replacement therapy.
GH mediates growth by binding to GH receptors, which stimulate the production of IGF-I. IGFs are peptides that are structurally related to insulin, 67 are synthesized mainly by the liver but also in other tissues, and act in an endocrine and paracrine manner to stimulate cellular growth. 63, 64, 67 Studies in animals and humans suggest that IGF-I, unlike GH, plays a crucial role in fetal growth regulation, particularly in later gestation. 65, 67, 68 In sheep, the regulation of fetal IGF-I in utero is primarily influenced by placental glucose transfer, which regulates fetal insulin release, 64 and the glucose/insulin/IGF-I axis is the primary fetal axis involved in prenatal growth. 64 The importance of IGF-I in human fetal growth was shown by Woods et al, 69 who described a 15-year-old boy with severe IUGR. Endocrinologic evaluation revealed elevated GH secretion, normal IGF-binding protein-3 (IGFBP-3) levels, and undetectable levels of IGF-I as a result of a homozygous partial IGF-I gene deletion involving exons 4 and 5, which encode a severely truncated and presumably inactive IGF-I peptide.
Numerous studies support the major role played by IGF-I in fetal growth. Mouse studies have shown that knockout of the Igf1 gene results in a 40% reduction of fetal growth, with growth failure continuing postnatally. 70 -72 In contrast, knockout of the Igf11 gene results in a similar failure of fetal growth but normal postnatal growth. Knockout of both genes results in comparable growth failure, suggesting that each gene has an independent impact on fetal growth, with a selective IGF-I effect on postnatal growth. There are no comparable data for humans. Mutations of IGF-I are associated with fetal growth failure, independent of GH, but there is no information concerning IGF-II.
Lassarre et al 73 data) as the index of fetal size, IGF-I levels were significantly higher in fetuses with weights above the mean for gestational age than in fetuses with weights below the mean (P Ͻ .001), whereas IGF-II levels were comparable in the 2 groups. In addition, IGF-I (but not IGF-II) levels in fetuses with IUGR were significantly lower than those in normal fetuses of the same gestational age (P Ͻ .01). Similarly, Leger et al measured serum levels of GH, IGF-I, IGF-II, and IGFBP-3 obtained by cordocentesis during the second half of pregnancy from 166 fetuses with normal growth and from 64 fetuses deemed to have IUGR on the basis of prenatal and neonatal measurements. 74 Serum IGF-I levels but not GH, IGF-II, or IGFBP-3 levels were significantly lower in the IUGR group (P ϭ .001). The incidental presence of fetal malformations in either group had no apparent effect on these hormone levels. Nieto-Diaz et al 75 obtained umbilical cord blood from 45 normal newborns and 31 IUGR newborns and found that IUGR fetuses had significantly lower-than-normal IGF-I levels (P Ͻ .05) and higher-than-normal GH levels (P Ͻ .05) at term. In contrast, placental production of IGF-I and GH may be similar in IUGR, as shown by Sheikh et al, 76 who studied the expression of GH and IGF-I in term placentas of 10 normal and 15 IUGR births. These investigators found that IUGR placentas showed increased expression of both GH and IGF-I compared with normal placentas at term and speculated that this increased transcription occurred in response to the reduction in fetal growth.
Hormonal Status of SGA Infants and Children
It has been hypothesized that IUGR is a syndrome characterized by relative resistance to a number of hormones, including GH, IGF-I, and insulin. 64 Consequently, the pathophysiology of persistent short stature in children with IUGR may be similar to that seen in some children who have idiopathic short stature and partial insensitivity to GH. 77 Such resistance, if a primary defect, may be the basis for an alteration of endocrine programming resulting in SGA being associated with not only postnatal growth failure but also possibly an increased risk of a metabolic syndrome involving obesity, type 2 diabetes, hypertension, and hyperlipidemia in later life. 64 This is consistent with the so-called Barker hypothesis, 78 which suggests that in utero imprinting may occur, resulting in resistance to multiple hormones. Such hypotheses seem to involve only subsets of the SGA population. If correct, then persistent short stature in children who are born SGA may be a manifestation of GH or IGF-I resistance.
Normally, mean peak serum levels of GH decrease from 25 to 35 g/L in the neonatal period to 5 to 7 g/L through childhood and early puberty, and then peak levels increase again during adolescence. 62 Although the majority of short children who were born SGA have laboratory evidence of normal GH secretion, some meet the criteria of GH deficiency 79 -84 and/or have abnormal patterns of GH secretion. 79, 81, 82, 84, 85 Although most studies have reported that GH secretion is variable, Boguszewski et al found that children who were born SGA and are still short at or after 2 years of age spontaneously secrete less GH than do healthy children of short stature who were born AGA. 83 Because low serum IGF-I levels have been reported, indicating GH deficiency in short children who were born SGA, 85 assessment of the IGF axis, with particular attention to IGF-I, has been recommended in these children. 86 Other mechanisms may explain persistent short stature in children who were born SGA and have normal GH secretion. Partial receptor insensitivity to GH has been demonstrated in some children with idiopathic short stature and normal GH secretion, 77 and a similar mechanism may be responsible for persistent short stature in some SGA children with normal GH secretion. Assessment of IGF receptor binding among children with IUGR has led to the identification of a subgroup of children with low IGF-I levels, low receptor affinity, and increased receptor numbers. This group differs from a second group characterized by normal IGF-I levels and normal receptor function. 87 In addition, it has been found that some short children who were born SGA and have normal GH secretion require higher GHinduced serum IGF-I levels to achieve a growth velocity similar to that of GH-deficient children. 88 These children seem to be partially IGF-I resistant. The mechanism may be an IGF-I receptor defect or a post-receptor-mediated defect. Short, non-GH-deficient children who were born SGA and treated with high-dose GH were found to have a gain in height SDS that was significantly and inversely related to baseline peak overnight (ie, endogenous) GH (P ϭ .0008) and fasting IGF-I (P ϭ .009) and insulin levels (P ϭ .014). 89 Children with either low serum IGF-I levels or evidence of partial IGF-I resistance may require GH doses higher than the usual GH replacement doses for treatment of short stature. Because short SGA children are candidates for GH therapy, GH stimulation testing is not clearly indicated unless GH deficiency is suspected. However, the measurement of IGF-I levels is appropriate in short SGA children because these levels may suggest resistance and serve as a reference for subsequent monitoring.
Recently, the relationship between the IGF/IGFBP axis and insulin secretion in short children with IUGR has been examined. 90 Compared with short normal prepubertal children, height-and weightmatched short prepubertal children with IUGR had significantly higher plasma levels of fasting insulin (P Ͻ .004) and of IGF-I (P Ͻ .0001), IGF-II (P Ͻ .008), IGFBP-3 (P Ͻ .0005), and insulin (P Ͻ .008) during an intravenous glucose tolerance test. This led to the speculation that hyperinsulinism secondary to insulin resistance may have led to these changes to the IGF/IGFBP axis in the IUGR group. Conversely, to determine whether hyperinsulinemia and increased insulin resistance could be related to persisting abnormalities of the GH/IGF-I axis in children who were born SGA, researchers assessed overnight GH secretory profiles and measured fasting glucose, insulin, intact and 32,33 split proinsulin, and IGF-I levels in short SGA children and short normal-birth weight control subjects. 91 Compared with control subjects, short SGA children had significantly ele-vated fasting insulin levels (P ϭ .02) and reduced insulin sensitivity (P ϭ .01), which were related to significantly elevated levels of overnight GH secretion (P ϭ .01). The investigators hypothesized that resistance to the somatotropic actions of GH and IGF-I in short SGA children may contribute directly to reduced insulin sensitivity. Thus, although there is evidence of relative GH, IGF-I, and insulin resistance among some SGA patients, the incidence of significant resistance and the precise cause(s) or pathophysiology is as yet unclear.
Natural History
Catch-up Growth in Height
Catch-up growth generally has been defined as a height velocity greater than normal after a period of growth inhibition, 92 the effect of which is to raise the child's height toward what he or she would have attained if growth had not been inhibited. With respect to a short child who was born SGA, catch-up growth is considered to have been achieved when the child's height becomes Ն2 SD below the mean for age. This definition does not address the child's genetic growth potential, which may be considerably greater than Ϫ2 SD. Accordingly, lack of catch-up growth in a short child who was born SGA may be defined as a height that remains below Ϫ2 SD for age.
Persistent Short Stature
Defining catch-up growth as a height velocity above the statistical limits of normal for gender and age and/or maturity during a defined period of time after a period of growth inhibition, Karlberg and Albertsson-Wikland 93,94 assessed the incidence and relative risk of persistent short stature among SGA infants (defined by a birth length ϽϪ2 SD) in a cohort of 3650 healthy, full-term singleton newborns. In this cohort, most of these infants showed catch-up growth during the first 6 months after birth, and by 1 year only 13.4% remained below Ϫ2 SDS in height. During childhood, almost half of those still short attained catch-up growth, so that at 18 years, 7.9% remained short. Therefore, although the majority of SGA infants catch up during infancy, approximately half (8%) will never catch up and will remain short as adults. In summary, approximately 92% of otherwise healthy, full-term singleton infants with birth length below Ϫ2 SDS will achieve catch-up growth in length, usually during the first year of life. Conversely, this report suggests that children who are born SGA and do not show postnatal catch-up growth and remain short at 2 years are at high risk for short stature in later life. The relative risk of short stature at 18 years is 7.1 if SGA is based on length and 5.2 if SGA is based on weight. 95 When assessing the group of children who have not caught up, it is important to consider genetic height potential, because a portion of these children may have genetic short stature based on parental height.
When SGA or failure to catch up was defined differently, different results were reported, not unexpectedly. McCowan et al, 96 40 also defining SGA as birth weight below the 10th percentile for gestational age, noted that after an initial period of catch-up growth, the mean height of infants born SGA can be expected to remain at approximately the 25th percentile through early childhood with a mean deficit of almost 3 cm at 4 years. Among children who are born SGA and do experience catch-up growth, height deficits persist and improve only minimally during childhood. Height deficits for age were Ϫ0.66 SDS at ages 3 to 4 years, 40 Ϫ0.57 SDS at ages 6 to 7 years, 97 and approximately Ϫ0.5 SD at 7 years. 25 As with any short child, it is pertinent to consider familial height, because short stature is not necessarily abnormal and treatment is not necessarily indicated.
RATIONALE FOR TREATING SHORT CHILDREN WHO WERE BORN SGA
In July 2001, the Food and Drug Administration approved recombinant human GH for the long-term treatment of growth failure in children who were born SGA and fail to manifest catch-up growth by age 2. The basis for treatment after 2 years of age is the evidence that height is not likely to normalize spontaneously after this age. Thus, children who are older than 2 years should be considered for therapy if they do not have evidence of ongoing catch-up growth and if greater height for age would be expected on the basis of family heights. Dosing is approved up to 0.48 mg/kg body wt/wk. The rationale for GH therapy is primarily to increase linear growth rate in short children who were born SGA and have persistent short stature so that they may attain a height within the normal range for gender and age and ideally within the target height percentile range. Therapy may prevent life-long detrimental qualityof-life issues associated with short stature. Longterm outcome data will be necessary to determine whether GH treatment will affect metabolic and neurodevelopmental outcomes, as well as to document adult heights.
Increasing Childhood and Adult Height
The use of GH to increase the height of healthy short children remains controversial. 98 Although GH therapy has been used in a large number of non-GHdeficient short children, outcome data are limited and treatment has not been consistent. Access to treatment often depends on the type of insurance coverage that the patient has. 99 In addition, parents' attitudes and preferences may affect the decisionmaking process of pediatricians. 100 An extensive discussion of these issues is beyond the scope of this article. It is clear that greater and greater numbers of short children who do not have a diagnosis of GH deficiency are being treated. This includes children with idiopathic short stature, familial short stature, and growth failure as a consequence of chronic disease, going beyond those conditions for which GH is approved such as Turner syndrome, chronic renal failure, Prader-Willi syndrome, and now SGA. Side effects of GH therapy do not occur more frequently among these children than among GH-deficient children.
It has been apparent for years that height discrimination, independent of the underlying cause of short stature, begins in childhood and height hierarchies are established early, with the connection between height and status being cross-cultural. 101, 102 For example, one recently published report suggests that short children are more likely to be bullied in school than their taller classmates. 103 For those pediatricians and parents who may consider GH therapy for SGA children with persistent short stature, the current clinical literature supports the efficacy and safety of GH for normalization of height during childhood of short children who were born SGA. 80,82,104 -119 Treatment among most may been begun by 3 years of age, because the growth response to GH is better at younger ages. 105 However, treatment should not be initiated until spontaneous catch-up growth, if any, is complete.
In the usual assessment of growth potential, skeletal age delay is considered to correlate with the anticipated degree of catch-up growth. However, among children who were born SGA and have not been treated with GH, delay of bone age has not been correlated with more growth or taller adult height. 42 It seems that delay in skeletal age disappears quickly with the initial exposure to sex steroids at the onset of puberty without concomitant increase in height. Thus, although a delay in skeletal age can be considered to be consistent with the expectation of catch-up growth for the prepubertal child, skeletal age should not be a major criterion when deciding whether to begin a trial of GH therapy. Children without skeletal age delay have experienced substantial increases in growth rate on GH therapy, with skeletal maturity advancing somewhat. 105 Data with respect to adult height in short children who were born SGA and were treated with GH are limited. It is unclear whether there is a dose relationship to adult height after long-term therapy, although interim data suggest that there may be a direct relationship. Ranke and Lindberg 116 treated 16 short children who were born SGA to above target height with GH at a median dose of 0.24 mg/kg/wk. Another study used a low mean GH dose of 0.14 mg/kg/wk to treat 70 children with IUGR. 120 Treatment with this relatively low dosage of GH was associated with a gain of 0.6 SDS, suggesting a final height gain of only 3.4 cm.
The following 3 studies are representative of efficacy and safety trials. The effects of GH over 2 years in 69 non-GH-deficient children who were born SGA have been assessed by Butenandt and Lang. 104 At entry, the children had a mean age of 5.1 years, mean bone age of 3.8 years, and mean height SDS of Ϫ4.0. The children were randomly assigned to receive no treatment (n ϭ 20) or daily subcutaneous injections of GH at a dose of 0.24 (n ϭ 24) or 0.48 mg/kg/wk (n ϭ 25). Mean height velocity SDS after the first year of treatment was Ϫ1.2 Ϯ 1.6 in the control group, 2.8 Ϯ 2.3 in the 0.24-mg/kg/wk group, and 5.5 Ϯ 2.7 in the 0.48-mg/kg/wk group (Fig 1) . Corresponding values during the second year were Ϫ0.9 Ϯ 1.4, 1.6 Ϯ 2.2, and 2.9 Ϯ 2.1. A significant difference was observed between the control group and the treatment groups for each year and between the 2 treatment groups during the first year. Catch-up growth (defined as height velocity 1 SD above the mean) was achieved in 86% of the 0.24-mg/kg/wk group and 95% of the 0.48-mg/kg/wk group during the first year of treatment; it was maintained in 65% and 79%, respectively, during the second year. Treatment was well tolerated, with no clear trends in any laboratory values, including those assessing carbohydrate metabolism.
A similar study design was used to evaluate the efficacy of GH in 48 short children who were born SGA and who at entry had a mean age of 4.7 years and a mean height SDS of Ϫ3.16 Ϯ 0.70, but the investigators extended the evaluation period to a third year. 105 Twelve children received no treatment, 16 were treated with GH at 0.24 mg/kg/wk, and 20 were treated with GH at 0.48 mg/kg/wk; 42 children completed 2 years of therapy, and 24 treated children continued therapy for a third year. In the untreated group, the mean change in height SDS was 0.07 Ϯ 0.15 during the first year and Ϫ0.03 Ϯ 0.12 during the second year, with no growth acceleration during the entire 2-year period. In the group that was treated with 0.24 mg/kg/wk, the mean change in height SDS was 1.09 Ϯ 0.48 during the first year of therapy, 0.45 Ϯ 0.23 during the second year, and 0.18 Ϯ 0.18 during the third year (Fig 2) . There was a marked improvement in the change in height SDS for the group that was treated with 0.48 mg/kg/wk: 1.43 Ϯ 0.54 during the first year of therapy, 0.70 Ϯ 0.17 during the second year, and 0.41 Ϯ 0.16 during the third year. After the third year of treatment, the group that received 0.48 mg/kg/wk had achieved its target height. Bone age maturation was similar in the untreated and GH-treated groups. The major determinants of the growth response were the GH dosage, the age at the start of treatment (the younger the child, the greater the growth response), and the family-corrected individual height deficit (the greater the deficit, the greater the growth response). Treatment was well tolerated. There was a significant, dosedependent increase in IGF-I and IGFBP-3 levels, and a significant rise in insulin levels was observed after 2 years of GH treatment with 0.48 mg/kg/wk. However, there was no accompanying effect on fasting glucose or glycosylated hemoglobin, indicating the physiologic balance between GH and insulin.
Data from a large number of patients in the National Cooperative Growth Study were reviewed to evaluate the response to GH treatment in 270 children with short stature associated with unclassified IUGR (n ϭ 144) or with Russell-Silver syndrome or primordial short stature (RSS/PSS; n ϭ 126). 106 At entry, the mean age was 7.35 Ϯ 4.21 years, the mean bone age was 5.93 ϩ 4.15 years, and the mean height SDS was Ϫ3.49 Ϯ 1.16 for patients with unclassified IUGR. For patients with RSS/PSS, the mean age was 6.31 Ϯ 3.49 years, the mean bone age was 4.91 Ϯ 3.69 years, and the mean height SDS was Ϫ3.83 Ϯ 1.05 at entry. All patients were treated with daily subcutaneous injections of GH at a dose of approximately 0.28 mg/kg/wk for up to 4 years. Height SDS improved with each year of therapy. Mean growth rates increased by 3 to 3.5 cm/y in both groups during the first year of treatment (Fig 3) . Unclassified patients who had IUGR and completed 4 years of treatment reached a height SDS of Ϫ1.32 Ϯ 0.79, whereas the height SDS of those with RSS/PSS improved to only Ϫ2.10 Ϯ 0.99. In addition, no change occurred in predicted adult heights. Although there was no control group, the investigators noted that there was little reason to expect that height SDS would change over the intermediate term in untreated patients. GH was well tolerated, but only 46% of patients continued treatment through 4 years.
Decreasing Adverse Psychosocial Outcomes Associated With Short Stature
Although some studies have found no association between psychosocial function and short stature in otherwise normal children or adults, [121] [122] [123] [124] [125] [126] [127] other studies support such a relationship. 10 -12,14,17,19 -23,25-30 The studies that support an association, excluding those limited to VLBW infants (Ͻ1500 g), are summarized in Table 2 .
Psychosocial and Cognitive Function in Children Who Were Born SGA
Most studies of the relationship between height and psychosocial or cognitive function were conducted in children with short stature as a result of a 23 Relation between SGA and school difficulties in adolescents and young adults, compared with AGA Late entry into secondary school more common; higher proportion fail to take/pass baccalaureate examination Lundgren et al 22 Effect of catch-up growth on intellectual/psychological performance of males born SGA Most important predictor of risk of subnormal performance was absence of catch-up growth Paz et al 31 Effect of term SGA birth on educational achievement of 17-year-old males
Significantly lower educational achievement compared with AGA 17-year-olds born SGA (P Ͻ .03) Strauss 27 Effect of SGA birth on school performance and achievement at ages 5, 10, 16, and 26 y Small but significant deficits at 5, 10, and 16 y; lower income and less likely to have professional/ managerial jobs at 26 y; SGA subjects significantly shorter than controls Strauss et al 25 Effect of IUGR on childhood development, controlling for environmental and genetic factors 10 Psychological effect of short stature on children 5-16 y old referred for GH therapy Significant discrepancy (P Ͻ .01) between IQ and achievement scores, and high rate of behavior problems (P Ͻ .0001) Stabler et al 12 Intelligence, academic achievement, social competence, and behavior in short children before and during GH therapy
Significantly more behavioral problems in short children (P Ͻ .001); behavior scores, improved compared with normal-stature control group after 3 y of GH therapy Stathis et al 21 PPVT-R at age 5 y with results correlated with height Short stature a significant (P Ͻ .01) predictor for lower PPVT-R scores, independent of psychosocial disadvantage or biological risk factors Steinhausen et al 18 Effect of short stature on behavior profiles in children and adolescents Short stature had significant adverse effect on Child Behavior Checklist and Youth Self-Report scores The Partnership for Child Development 20 Factors accounting for late enrollment in school in African countries Short stature strongly associated with late school enrollment independent of socioeconomic status Zimet et al 14 Interview and self-report evaluation of short children 5-16 y old referred to endocrinology service Degree of short stature not related to overall poor psychological functioning, but distress increased with age to adolescence Zimet et al 17 Self-report evaluation of short subjects at least 18 y old who had been referred to endocrinology service Shorter adult stature significantly associated with lower educational achievement (P Ͻ .001), self-esteem, and greater emotional distress (P Ͻ .01)
PPVT-R indicates Peabody Picture Vocabulary Test-Revised.
variety of underlying causes, and only some involved SGA children specifically. The following studies were conducted in patients who were born SGA, but the adverse quality-of-life outcomes observed were not necessarily related to persistent short stature. The relationship between home environment and cognitive ability has been analyzed in 142 SGA infants and 172 AGA controls. 26 Infants who were born SGA had significantly lower scores on the Fagan Test of Infant Intelligence at 7 months (P Ͻ .05) and on the Home Screening Questionnaire at 13 months (P Ͻ .05). The investigators concluded that SGA infants may be more vulnerable to adverse social conditions than infants who are born AGA and that the cognitive impairment observed may be an effect of both their social environment and their parents' general intelligence.
Various tests to measure cognitive function were used at 1, 2, 3, 5, and 6 years in 129 premature SGA infants and 300 premature AGA infants using ageappropriate tests. 24 At each age, cognitive scores were significantly lower among the children who were born SGA (P Ͻ .001 at 1 year, P ϭ .002 at 2 years, P ϭ .025 at 3 years, and P ϭ .005 at 5 and/or 6 years) and were independent of neurologic status except at 3 years of age. The results indicate that premature infants who are born SGA are at greater risk for adverse cognitive outcomes than premature infants who are born AGA.
Data from the National Collaborative Perinatal Project have been analyzed to compare the intelligence and visual-motor development of children with IUGR with these parameters in normal children. 25 IQ scores at 7 years of age were 6.2 points lower and visual-motor development was 5 points lower among children with IUGR (P Ͻ .001), even when children with birth depression were excluded from the analysis.
The relationship between SGA birth and school performance and learning ability has been studied at ages 12 and 18 years by comparing outcomes for 236 full-term SGA infants with those for 281 full-term AGA infants. 23 After the results were adjusted for other variables, the investigators found that late entry into secondary school and failure to take or pass the baccalaureate (high school) examination were more common among those who were born SGA.
The British Birth Cohort Study data were used to assess school performance and achievement at ages 5, 10, and 16 years and other outcome measures at 26 years of age among 13 125 adults with normal birth weight and 1064 adults who were born SGA in 1970. 27 Those who were born SGA had small but measurable deficits in academic achievement at 5, 10, and 16 years. As adults, they were significantly less likely to hold managerial or professional positions (P Ͻ .01) and reported significantly lower levels of income (P Ͻ .01) while remaining significantly shorter (P Ͻ .001) than those with normal birth weight.
A population-based study of 254 426 conscripted 18-year-old Swedish male individuals was performed to determine whether catch-up growth affected intellectual and psychological function in early adulthood. 22 In this cohort, 2.5% were born short for gestational age and 2.6% were born light for gestational age. Both low birth weight and short birth length increased the risk for subnormal intellectual and psychological performance on standard tests. The most important predictor of substandard performance was failure to achieve catch-up growth in height. This is the only publication to suggest better outcome of such measures in association with catch-up growth.
Cognitive and academic performance was assessed comparing 17-year-old male individuals who were born SGA or AGA at term by matching neonatal data to the results of intelligence tests performed when the subjects entered the army. 31 Adult height in these 2 groups was not considered. Those who were born SGA had lower cognitive performance and educational achievements (P Ͻ .03) than the AGA group.
One study showed a relationship between VLBW (Յ1250 g) in SGA infants and decreased scores on developmental tests at 1, 2, and 3 years, compared with infants who were born AGA. 28 The infants who were born SGA were significantly shorter at 3 years than those who were born AGA (P Ͻ .05). Another study found that children who were born SGA and had VLBW (Ͻ1500 g) had lower scores on measures of visuospatial ability, nonverbal reasoning, strategy formation, and gross motor coordination at 8.7 to 11.2 years than children who were born AGA. 29 The smallest VLBW infants had the highest incidence of behavioral and educational problems. These findings are consistent with the observation that IUGR in VLBW infants has a significant long-term impact and that developmental deficits may become increasingly evident in the early school years. A group of 20-yearolds with a history of VLBW were recently reported to have been less likely to graduate from high school, less likely to be enrolled in postsecondary study, and more likely to have lower academic achievement scores than those who were born AGA. 30 However, only 8% of the VLBW male individuals and 11% of the VLBW female individuals studied reported a current height below the third percentile, so the relationship to short stature is unclear.
Effect of GH Therapy for Short Stature on Psychosocial and Cognitive Function
Psychological studies of short GH-deficient children who are referred for GH therapy may show a poor quality of life, which is often a consequence of feelings of anxiety, depression, social isolation, or difficulties maintaining attention. 128 These difficulties may lead to low academic achievement and poor interpersonal skills. The effect of GH treatment on psychosocial functioning in children with short stature (eg, Turner syndrome) seems to be positive when accompanied by an increase in height velocity, 129 -131 and some improvement in behavior has also been reported after 2 years of GH. 130, 131 Many, however, report poor quality of life during young adulthood despite the achievement of acceptable height, 128 although this could be at least in part an effect of adult GH deficiency. Results of studies of quality-of-life endpoints seem to be inadequately evaluated and inconsistent.
Researchers studied the prevalence of behavioral and learning problems among 195 children (mean age: 11.2 years; range: 5-16 years) with short stature caused by GH deficiency or idiopathic short stature (ISS) and a normal-stature matched comparison group. 12 The mean height of 109 children with GH deficiency increased 1.3 SD to Ϫ1.28 SDS, and the mean height of the 86 children with ISS increased 1.45 SD to Ϫ1.39 SDS. The effect of GH treatment on such problems was also assessed. Child Behavior Checklist scores for total behavioral problems were higher in the children with short stature than in the normal-stature control subjects at baseline, suggesting more problems in the former group (P Ͻ .001). After 3 years of GH therapy, these scores improved in children with GH deficiency (P Ͻ .001) and with ISS (P Ͻ .003). There was also significant improvement in the subscale scores of children in the GH deficiency group (withdrawal, somatic complaints, anxiety/depression, attention span, social problems, and thought problems).
The impact of GH on adult height and psychological status of girls with Turner syndrome has been evaluated by randomization into a GH treatment group and a control group at ages ranging from 7.5 to 12.8 years (mean age: 10.8 years). 11 Girls who were treated with GH for 2 years showed a significant increase in growth rate, although the rate declined with continued treatment; the growth rate in the control group remained constant. There was a correlation between growth rates and the girls' perceptions of themselves as more intelligent, more attractive, having more friends, being more popular, and experiencing less teasing in the treated group but not in the untreated group. There was no correlation between growth rate and functioning in school.
The quality of life of 2 groups of children with short stature has been compared by Pilpel et al. 125 One group (n ϭ 96) that was treated with GH for at least 2 years included 15 children with classic GH deficiency, 16 children with Turner syndrome, and 65 children with no underlying disease. At the beginning of treatment, they were at least 6 years of age. The second group (n ϭ 33) included children who had short stature with no underlying disease and were not treated with GH. There was no significant difference between the 2 groups in quality of life, as assessed by self-administered questionnaires, with respect to school achievement, leisure activity, emotional and physical self-esteem, or relationship with peers and family.
Psychological testing was used to search for a relationship between GH treatment begun at 7 years of age in a group of 15 short but otherwise normal children. 124 Results were compared after 3 and 5 years with those in untreated short controls and average-height controls. Only the treated group showed a significant height increase (SDS Ϫ2.44 to Ϫ1.21 over 5 years; P Ͻ .001). No significant differences were found at entry, 3 years, or 5 years in IQ, attainment (word reading and basic number skills), behavior, or self-esteem, although both groups of short children expressed less satisfaction with their height than the average-height controls (P Ͻ .01).
CONCLUSIONS
SGA should be defined as a birth weight and/or length at least 2 SDS below the mean (Ϫ2 SDS) for gestational age. Accurate diagnosis is important because SGA newborns are at risk for increased morbidity and mortality, and SGA children are at increased risk for persistent short stature and associated long-term adverse psychosocial outcomes. There is substantial variation in the standards for diagnosis in the United States, and intrauterine growth curves based on ultrasonographic gestational dating and standard reference populations are needed.
Absence of catch-up growth in a short child who was born SGA may be defined as height remaining at least 2 SD below the mean for age. Approximately 10% of SGA infants do not experience catch-up growth by 2 years of age, but the prevalence of persistent short stature varies with its definition. Children who do not catch up by 2 years are at high risk for short stature in later life. As with any group of short children, not all SGA children who do not catch up to at least the Ϫ2 SD point are necessarily short in relation to their genetically expected heights. Children from short families may not be candidates for GH therapy.
GH therapy is effective and safe when administered in doses of 0.24 to 0.48 mg/kg/wk to increase the height of short children who were born SGA. Short children who were born SGA may be partially resistant to GH, which explains the greater effectiveness of the higher dose. Short stature during childhood is associated with adverse quality-of-life outcomes, which may be preventable when growth is accelerated with GH therapy. As data accumulate, outcome in terms of adult heights can be better evaluated.
